1. Introduction {#sec1-ijerph-17-04554}
===============

Health-related quality of life (HRQOL) has emerged as an important concept in aging research because it predicts mortality and morbidity above and beyond measures of objective health \[[@B1-ijerph-17-04554],[@B2-ijerph-17-04554],[@B3-ijerph-17-04554],[@B4-ijerph-17-04554]\]. Measures of HRQOL typically encompass multiple components of subjective health such as the perceived severity and persistence of health problems, as well as their interference with life and their effect on mental wellbeing---none of which is captured by simply knowing if someone has a disease or disorder \[[@B2-ijerph-17-04554]\]. Adults with high levels of posttraumatic stress symptoms (PTSS) report poorer HRQOL, but less is known about the persistence of this relationship over time \[[@B5-ijerph-17-04554]\].

Military veterans, in particular, constitute a substantial cohort of aging adults that is more likely than adults in the general population to experience trauma \[[@B6-ijerph-17-04554]\]. Both veterans' increased exposure to trauma as part of their military experience and their greater risk for childhood adversity puts them at higher risk for posttraumatic stress disorder (PTSD) than the general population \[[@B7-ijerph-17-04554],[@B8-ijerph-17-04554]\]. However, despite being at greater risk for PTSD, veterans remain understudied in aging and HRQOL research \[[@B9-ijerph-17-04554]\]. Moreover, HRQOL in veterans is complex---in part because veterans enter the military in better health than their peers \[[@B10-ijerph-17-04554]\], but also because military service may provide an escape from a stressful childhood or young adult environment \[[@B10-ijerph-17-04554],[@B11-ijerph-17-04554]\]. Military service may also provide "second chance" resources and opportunities otherwise not available, such as education, training, health care, housing, and food \[[@B12-ijerph-17-04554],[@B13-ijerph-17-04554]\]. Reflecting this complexity, studies of trajectories of a single self-rated health item commonly used to assess HRQOL showed that veterans reported higher self-rated health than non-veterans at around age 50 but after age 70 their self-rated health was poorer and declined substantially faster than the non-veterans' \[[@B14-ijerph-17-04554],[@B15-ijerph-17-04554]\]. Differences within veterans also shifted over time \[[@B15-ijerph-17-04554]\], depending on factors such as age, war service, and experience. When combat veterans were compared with non-combat veterans, older combat veterans (age range 50--95) had poorer self-rated health, greater stress and distress than non-combat veterans \[[@B10-ijerph-17-04554]\]. Among middle-aged female veterans, recalled wartime stress exposures were associated with worse health functioning, and concurrent PTSD was associated with both poorer mental and physical QOL \[[@B16-ijerph-17-04554]\].

Some researchers have proposed that PTSD, even when symptoms are below the threshold for diagnosis, may be associated with more rapid aging \[[@B17-ijerph-17-04554],[@B18-ijerph-17-04554]\]. Veterans with PTSD report poorer HRQOL overall \[[@B19-ijerph-17-04554]\] and poorer mental HRQOL in particular \[[@B20-ijerph-17-04554],[@B21-ijerph-17-04554]\]. Vietnam war veterans with PTSD were found to have poorer physical health and report feeling more physical limitations than veterans without PTSD approximately 10 years after the end of the Vietnam war \[[@B22-ijerph-17-04554]\] and even 14 years later among those with persistent PTSD \[[@B23-ijerph-17-04554]\]. At midlife, veterans with PTSD reported worse HRQOL and higher levels of disability than those without PTSD \[[@B24-ijerph-17-04554]\]. These associations have been found even in individuals with symptoms not meeting diagnostic criteria for PTSD \[[@B25-ijerph-17-04554],[@B26-ijerph-17-04554],[@B27-ijerph-17-04554],[@B28-ijerph-17-04554]\].

Inferences about associations between trauma exposure---an explicit diagnostic criterion for PTSD (APA, 2013)---and HRQOL have been limited by lack of information about an individual prior to trauma exposure. Anxiety, PTSS, PTSD, and HRQOL are each known to be influenced by both genetics and experience \[[@B29-ijerph-17-04554],[@B30-ijerph-17-04554],[@B31-ijerph-17-04554],[@B32-ijerph-17-04554],[@B33-ijerph-17-04554],[@B34-ijerph-17-04554],[@B35-ijerph-17-04554],[@B36-ijerph-17-04554],[@B37-ijerph-17-04554]\]. Studies find overlapping genetic influences between measures of anxiety, psychiatric disorders and HRQOL phenotypes \[[@B31-ijerph-17-04554],[@B32-ijerph-17-04554],[@B33-ijerph-17-04554]\]. Genetic influences account for approximately 17--33% of the variance depending on the HRQOL measure \[[@B1-ijerph-17-04554],[@B36-ijerph-17-04554],[@B38-ijerph-17-04554]\]---comparable to genetic influences on most personality traits---and are moderated by age, gender, and circumstances \[[@B1-ijerph-17-04554],[@B29-ijerph-17-04554],[@B39-ijerph-17-04554]\]. Individuals with higher genetic load for anxiety and neuroticism may struggle more to modulate emotional reactions and may experience stronger negative emotions like anxiety and irritability at lower levels of exposure than those with higher activation thresholds---predisposing them towards personality traits such as neuroticism, more physical and mental health disorders, and poorer HRQOL \[[@B40-ijerph-17-04554]\]. Genome-wide association studies (GWAS) have identified multiple "neuroticism" susceptibility loci \[[@B31-ijerph-17-04554],[@B33-ijerph-17-04554],[@B41-ijerph-17-04554]\]. Polygenic risk scores (PRS) can be used to summarize GWAS data into variables representing an individual's genetic propensity for a phenotype such as anxiety proneness/neuroticism \[[@B31-ijerph-17-04554],[@B32-ijerph-17-04554]\]. Few studies, however, have incorporated measures of genetic vulnerability into their exploration of associations between trauma exposure, PTSD symptoms, and HRQOL outcomes. In addition, there is some evidence that environmental influences may interact with genetic influences. Finkel et al., 2016, for instance, found that marriage appeared to be a protective factor for variations in self-rated HRQOL in men but not in women \[[@B39-ijerph-17-04554]\].

Most studies of HRQOL and response to trauma are cross-sectional or short-term, and focus on diagnosed PTSD rather than symptoms, unduly limiting attention to the impact of trauma exposure on the relatively few diagnosed individuals. Many existing studies of aging fail to inquire about trauma exposure or subsequent PTSD symptoms. In addition, although some researchers have proposed that PTSD and/or PTSS may be associated with more rapid pathological aging \[[@B17-ijerph-17-04554],[@B18-ijerph-17-04554]\], no studies known to us have examined whether PTSS are associated with changes in HRQOL over time---a possible indicator of more rapid aging. Better knowledge about the persistence and extent of these associations can help inform health interventions for aging populations.

In this report we examine long-term associations between risk factors at mean age 38 and HRQOL approximately two decades later at mean ages 56 and 62. We predicted that development of PTSD symptoms by age 38 would be inversely associated with both physical and mental HRQOL (i.e., having more stress symptoms will be related to worse HRQOL outcomes). In order to test the hypothesis that PTSS are associated with signs of more rapid aging, we examined a PTSS by time interaction, wherein a greater decline in HRQOL over time among those with more PTSD symptoms would be one indication of more pathological aging. Finally, we explored the extent to which premorbid vulnerability for neuroticism modulated these associations. We predicted that those with higher genetic liability for neuroticism would report more PTSS and worse HRQOL.

2. Materials and Methods {#sec2-ijerph-17-04554}
========================

2.1. Participants {#sec2dot1-ijerph-17-04554}
-----------------

The Vietnam Era Twin Study of Aging (VETSA) is a longitudinal study of risk and protective factors in aging \[[@B42-ijerph-17-04554],[@B43-ijerph-17-04554]\]. The sample comprises community-dwelling, non-patient male twins who both served in the military at some time between 1965 and 1975. VETSA 1 participants (*n* = 1237; 2002--2008; mean age = 56, SD = 2.4; range 51--60) were randomly recruited from 3322 twin pairs from the nationally representative Vietnam Era Twin Registry (VETR) \[[@B44-ijerph-17-04554]\]. For inclusion in VETSA, participants were between 51 to 59 years old at recruitment and both members of the twin pair agreed to participate. Health and lifestyle characteristics of the VETSA sample are comparable to those of similarly aged men in the general population of the United States \[[@B45-ijerph-17-04554]\]. VETSA 1 participants were followed-up approximately 6 years later (2008--2013; VETSA 2) at mean age = 62, SD = 2.4; range 56--66, with 82% return rate. More details of the VETSA methods are published elsewhere \[[@B43-ijerph-17-04554],[@B46-ijerph-17-04554]\].

2.2. Data Collection {#sec2dot2-ijerph-17-04554}
--------------------

Data for these analyses were collected in three waves: Survey of Health (SOH) in 1986--1987; VETSA 1 in 2003--2008; and VETSA 2 in 2009--2013. Previously collected SOH data on these participants were archived at the VETR and made available to the VETSA investigators. For the SOH data collection, participants completed a brief mailed questionnaire. At the time of the SOH assessment, participants were, on average, age 38 (SD = 2.5; range 32--42) \[[@B44-ijerph-17-04554]\].

In VETSA 1 and 2, participants were mailed a questionnaire booklet about a month prior to an in-person assessment to which they brought the completed questionnaires. During the in-person assessment they provided a blood specimen that was stored and later genotyped (see measures section). Henceforth, results from the three assessment waves are labeled age 38, age 56, and age 62, reflecting the mean age of participants at each assessment.

The research involved human participants and Institutional Review Board approval was obtained at all sites. The study was performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. The participants provided written consent prior to participation.

2.3. Measures: Age 38 {#sec2dot3-ijerph-17-04554}
---------------------

Data collected at age 38 included measures of self-reported, self-rated health; posttraumatic stress symptoms; combat exposure; marital status; chronic health problems; income; alcohol consumption; and smoking status. Self-rated health was evaluated with the question "In general, how would you rate your health?" Scores ranged from 1 = excellent to 5 = poor (see [Table 1](#ijerph-17-04554-t001){ref-type="table"}). PTSD symptoms were assessed with a 13-item self-report PTSD questionnaire ("VETR-PTSD") based on the Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition Revised, the edition at the time \[[@B34-ijerph-17-04554],[@B47-ijerph-17-04554],[@B48-ijerph-17-04554]\]. Participants endorsed how frequently a symptom occurred in the past 6 months (very often, often, sometimes, almost never, or never). The VETR-PTSD measure has high reliability (α = 0.96) and validity. It correlates highly (r = 90) with the PTSD Checklist civilian version \[PCL; \[[@B49-ijerph-17-04554]\]\] when both instruments are administered simultaneously \[[@B24-ijerph-17-04554],[@B34-ijerph-17-04554],[@B50-ijerph-17-04554]\]. The self-report PTSD measure does not link symptoms to a particular life event.

Age 38 marital status was coded as: never married; married once; married multiple times. The chronic health index summed the presence of self-reported diabetes, chronic respiratory conditions, cancer, joint or skeletal disorders (i.e., osteoarthritis, rheumatoid arthritis), heart trouble, hypertension, and cirrhosis \[[@B51-ijerph-17-04554]\]. Household income during the past year was coded 1 (\<\$5000) to 10 (≥\$50,000). Alcohol consumption in the past 2 weeks was coded as none/light (\<1 drink per day)/moderate (\<2 drinks per day)/heavy (\>2 drinks per day). Cigarette smoking was coded as never/former/current. Participants also completed an 18-item questionnaire on types of combat-related experiences (yes/no). Scores were summed to create a combat exposure scale and validated against military records \[[@B52-ijerph-17-04554],[@B53-ijerph-17-04554]\]; 51% had no combat exposures; 28% had 1--4 exposures; 16% had 5--9 exposures; and 4% had 10 or more.

2.4. Measures: Age 56 and 62 {#sec2dot4-ijerph-17-04554}
----------------------------

At ages 56 and 62, participants completed the Medical Outcomes Study Short-Form 36 version 1 (SF36), which is a widely used, reliable and valid measure of HRQOL \[[@B54-ijerph-17-04554]\]. The SF36 yields four physical subscales, four mental subscales, and two summary component scores. The four physical subscales evaluate limitations in physical mobility (Physical-Functioning), problems performing activities due to physical health problems (Role-Physical), limitations in activities due to pain (Bodily-Pain), and perceptions of general health (General-Health). The four mental subscales evaluate feelings of tiredness and low energy (Vitality), disengagement in social activities because of emotional problems (Social-Functioning), limitations with activities because of emotional problems (Role-Emotional), and feelings of unhappiness and depression (Mental health/Emotional Well-being). All subscales were standardized (mean = 0, standard deviation = 1); then, the four physical scales were averaged to create the Physical Component Summary score (Physical HRQOL) and the four mental scales averaged to create the Mental Component Summary score (Mental HRQOL). Higher scores indicate better HRQOL.

Other measures assessed at age 56 and 62 include lifetime education and age. Lifetime education was coded as years of formal education completed (0 = none to 20 = PhD, MD). At age 62, severity of eight different types of childhood traumas was assessed with the Pennebaker Childhood Trauma Scale \[[@B55-ijerph-17-04554],[@B56-ijerph-17-04554]\]. For each item, a childhood trauma was coded as severe if it was rated six or seven on a 1--7 scale (1 = not traumatic to 7 = extremely traumatic); scores were then summed across the eight events. Participants reported zero to eight types of severe childhood experience: 210 (26.9%) reported no trauma; 401 (51.9%) reported 1--2 traumas; and 159 (22.2%) reported three or more.

2.5. Genotyping, Cleaning, and Imputation {#sec2dot5-ijerph-17-04554}
-----------------------------------------

A detailed description of VETSA genotyping procedures is available in Logue et al. \[[@B57-ijerph-17-04554]\]. In brief, we conducted genome-wide genotyping on individual dizygotic and unpaired twins and one randomly selected twin from each monozygotic pair using blood samples. Whole-genome genetic variation was assessed at deCODE Genetics (Reykjavík, Iceland) using Illumina HumanOmniExpress-24 v1.0A BeadChips (Illumina, San Diego, CA, USA). Before PRS calculations, we cleaned and conducted quality control of genotype data using PLINK v1.9 (Purcell Lab, Boston, MA, USA) \[[@B58-ijerph-17-04554]\]. Single nucleotide polymorphism weights (SNP weights) and principal components computed using PLINK v1.9 in conjunction with 1000 Genomes Phase 3 reference data \[[@B59-ijerph-17-04554]\] were used to identify a European ancestry subset of the data \[[@B60-ijerph-17-04554]\].

Principal components were computed based on a linkage-disequilibrium pruned set of 100,000 common (minor allele frequency \> 0.05) genotyped SNPs. Within the European ancestry participants, principal components were recomputed for use as covariates for population substructure. Imputation of European-ancestry VETSA participants was performed in MiniMac on the Michigan Imputation Server at the University of Michigan, Ann Arbor, Michigan, USA. Using the 1000 Genomes phase 3 EUR (European descent) data as the haplotype reference panel. Before imputation, SNPs with more than 5% missing data or SNPs with Hardy--Weinberg equilibrium *p*-values \< 10 ^−6^ were excluded. Only one twin per monozygotic twin pair was imputed and the results were applied to the un-genotyped co-twin.

2.6. Neuroticism/Anxiety Polygenic Propensity Score {#sec2dot6-ijerph-17-04554}
---------------------------------------------------

A neuroticism polygenic risk score (neuroticism PRS) was created using summary data from a neuroticism GWAS conducted by Luciano et al. \[[@B32-ijerph-17-04554]\]. The neuroticism PRS at different threshold were computed using Plink 1.9 \[[@B58-ijerph-17-04554]\]. Following Luciano et al. (2018) \[[@B32-ijerph-17-04554]\], we examined *p*-value thresholds at *p* = 0.01, 0.05, 0.1, and 0.5. Single nucleotide polymorphisms (SNPs) for PRS formation were selected based on the SNPs in the VETSA genotyped sample that achieved an information threshold of 0.8 or higher in imputation and minor allele frequencies \>1% in common with the Luciano et al. 2018 discovery SNP set and a reference data set to evaluate linkage disequilibrium patterns (1000G Phase 3 EUR). Subsequently, we performed clumping in Plink 1.9 using an r^2^ threshold of 0.1 in a 1000 kb window. Luciano et al. (2018) reported that the PRS threshold at *p* = 0.05 had the best signal-to-noise ratio so that threshold was used in further analyses.

Indeed, while all four PRS thresholds were significantly associated with the neuroticism phenotype in VETSA, none were stronger than the *p* = 0.05 threshold. Specifically, we validated the neuroticism PRS in the VETSA sample by examining associations between the neuroticism PRS and trait neuroticism phenotypes (i.e., the Multidimensional Personality Questionnaire (MPQ) negative emotionality score and the stress reaction subscale \[[@B61-ijerph-17-04554]\]) collected in VETSA 1. These MPQ scales represent reliable and valid measures of neuroticism/negative emotionality (see, for instance, Luciano et al. 2018 reproduction analyses). VETSA used a shortened (211 item) version of the MPQ \[[@B62-ijerph-17-04554],[@B63-ijerph-17-04554]\]. Genetic propensity for neuroticism at *p* = 0.05 was significantly associated with trait negative emotionality (partial r = 0.16; *p* \< 0.001) and stress reaction (partial r = 0.20; *p* \< 0.001). Any analyses using the neuroticism PRS are adjusted for the first three principal components (PC) computed within European subgroups in order to adjust for cryptic population substructure (i.e., ancestry).

2.7. Final Analytic Sample {#sec2dot7-ijerph-17-04554}
--------------------------

Only participants who had been trauma-exposed prior to the age 38 assessment were included in analyses since trauma exposure is a necessary diagnostic criterion for PTSD \[[@B64-ijerph-17-04554]\]. Determination of trauma exposure was based on: a) presence of a traumatic experience coded in the Diagnostic Interview Schedule Version III revised conducted in 1990 \[[@B37-ijerph-17-04554],[@B65-ijerph-17-04554]\] and/or b) reporting at least one severe childhood trauma or combat exposure. The final analytic sample comprises the trauma-exposed participants who also had age 38 PTSS measures: *n* = 775 \[[@B48-ijerph-17-04554]\].

2.8. Statistical Analysis {#sec2dot8-ijerph-17-04554}
-------------------------

All HRQOL measures were standardized before analyses (mean = 0, standard deviation = 1). We first used the weighted generalized estimating equations (WGEE) approach to model the relationship of PTSS with HRQOL outcomes at ages 56 and ages 62 by accounting for correlated outcomes in longitudinal assessments. WGEE addresses data clustering using a set of estimating equations rather than using random effects at model specification as in mixed-effects models \[[@B66-ijerph-17-04554]\]. Unlike the parametric generalized linear mixed-effects models, an alternative to modeling multi-level clustered data, the semi-parametric WGEE assumes no mathematical distributions such as normality and thereby provides valid inference for a broader class of data distributions under the missing at random mechanism \[[@B67-ijerph-17-04554]\]. WGEE also checks the missing completely at random (MCAR) assumption and reduces to the simpler generalized estimating equations (GEE) if MCAR is deemed appropriate. *p*-values for the missing data module were all greater than 0.05 for all outcomes in the analyses, suggesting that the assumption of MCAR was appropriate. Thus, we report the non-weighted generalized estimating equations (GEE) results for the final models.

The GEE removes the component for modeling the missing data mechanism in the WGEE, provides improved efficiency and fits a marginal model to longitudinal data. Regression parameters in the marginal model are interpreted as population-averaged. The correlations between twins are taken into account in the working matrix, and the time effects (repeated measures at the age 56 and age 62 assessments) are estimated as a fixed effect in the output. W(GEE) uses the sandwich variance estimate to account for correlated outcomes. The working correlation has the potential to increase inference efficiency, and WGEE provides valid inference regardless of how the working correlation is selected. The working independent correlation structure was used in all analyses in this study to ensure consistent estimates, as some covariates are time-varying \[[@B67-ijerph-17-04554]\].

We used SAS 9.4 for data analyses. Although the participants are twins, these are non-twin analyses and examine the role of genetics through the lens of a polygenic risk score based on GWAS. Because these analyses treat the twins as individuals, GEE models control for the non-independence of the twins and addresses nested correlations (i.e., twins and age) using sandwich variance estimates. Preliminary analyses examine associations between the neuroticism PRS and other measures, adjusting for the first three principal components reflecting ancestry. In order to test the hypotheses, we separately fit a GEE model for the overall physical and mental HRQOL scores. Models included: age 38 PTSS, time (categorical) as a fixed effect, the PTSS-by-time interaction, the neuroticism PRS, age 38 marital status, self-rated health, number of chronic health problems, income, alcohol consumption, smoking, number of combat and childhood traumas, and controlling for education and age at baseline. The PTSS-by time interaction allows us to see if symptoms have differential effects for the outcome at age 56 and age 62.

All statistical tests and confidence intervals are based on a two-tailed alpha = 0.05. Results for the eight SF36 subscales are provided in the [Supplementary Tables S1--S3](#app1-ijerph-17-04554){ref-type="app"}. Analyses of the eight subscales adjust for multiple comparisons using Bonferroni adjustments (alpha = 0.05/8 = 0.0063). This provides a conservative estimate since the SF36 subscale measures are highly correlated (i.e., subscale correlations range from r = 0.32 to r = 0.67; all *p* \< 0.001).

3. Results {#sec3-ijerph-17-04554}
==========

3.1. Descriptive Statistics/Preliminary Analyses {#sec3dot1-ijerph-17-04554}
------------------------------------------------

Participants were inducted into the military when they were, on average, 19.3 (SD 1.4) years old. The SOH assessment occurred approximately 18.6 years later when participants were, on average, 38 years old. By age 38, most participants had been married at least one time (91%). Median income was \$30--34,000, which is roughly comparable to the median income (\$32,787 in 1986) for United States men in this age group \[[@B68-ijerph-17-04554]\]. Mean education was 13.7 (SD 2.0, range 6--20) completed years, representing approximately 2 years additional education or training beyond high school. Descriptive statistics are provided in [Table 1](#ijerph-17-04554-t001){ref-type="table"}.

The neuroticism PRS was significantly, albeit weakly, correlated with age 38 PTSD symptoms (partial r = 0.10; *p* = 0.007 adjusted for three ancestry PCs), but not with any other age 38 measure (see [Supplementary Table S1](#app1-ijerph-17-04554){ref-type="app"}). The neuroticism PRS was significantly associated with Mental HRQOL (partial r = −0.13, *p* = 0.0003; r = −0.15, *p* \< 0.0001 at ages 56 and 62 respectively). The associations between the neuroticism PRS and Physical HRQOL were partial r = −0.05, *p* = 0.20; and partial r = −0.08, *p* = 0.05; age 56 and 62 respectively. Thus, higher genetic propensity for neuroticism was associated with worse HRQOL.

3.2. Longitudinal Multivariate GEE Models {#sec3dot2-ijerph-17-04554}
-----------------------------------------

Using longitudinal multivariate GEE models, we examined the extent to which the age 38 measures predict Physical and Mental HRQOL at midlife ([Table 2](#ijerph-17-04554-t002){ref-type="table"}). In multivariate models, there were significant effects of PTSS, self-rated health, income, lifetime education, and childhood trauma on later Physical and Mental HRQOL (shown are Type 3 effects). Having more posttraumatic stress symptoms, worse self-rated health, lower education and income, and more severe childhood traumas were each associated with worse HRQOL outcomes. The number of chronic health problems at age 38 significantly predicted later Physical HRQOL but not Mental HRQOL. The effects of the time, the time-by-PTSS interaction, combat exposure, and neuroticism PRS were non-significant. The lack of a time-by-PTSS interaction indicates that PTSS had the same effect at age 56 and 62. Results for the separate SF36 HRQOL subscales are provided in [Supplementary Tables S2 and S3](#app1-ijerph-17-04554){ref-type="app"}. Results are generally consistent with the overall component scores.

4. Discussion {#sec4-ijerph-17-04554}
=============

In a sample of men who had all been exposed to trauma, multiple potentially modifiable risk factors were associated with their midlife physical and mental quality of life across more than two decades. As predicted, participants with more symptoms of posttraumatic stress at age 38 had worse HRQOL in midlife. We did not find support for the hypothesis that PTSD symptoms would be associated with more rapid aging, as shown by the non-significant PTSS by time interaction. Rather, across the 6 years of the midlife follow-up, mental and physical HRQOL were highly correlated and showed little change. Thus, while participants with more PTSD symptoms had poorer HRQOL overall, they did not decline at a different rate than those with lower symptoms within this 6-year timeframe. In partial support of our hypothesis about genetic influences, genetic propensity for neuroticism was associated with both age 38 PTSD symptoms and with midlife mental and physical HRQOL, albeit weakly, in models adjusted only for ancestry. In multivariate models, however, those associations were no longer significant. This is due, in part, to the fact that the genetic influences were associated with both the predictor variable (PTSD symptoms) as well as the HRQOL outcome measures. In addition, associations between the neuroticism polygenic score and these measures were small, consistent with previous research on the PRS \[[@B32-ijerph-17-04554]\]. It may be that other influences---possibly life experiences or personal characteristics---as yet to be determined, mediate or moderate those associations. In summary, developing PTSD symptoms in response to trauma put individuals at greater risk for worse quality of life outcomes decades later, which may ultimately contribute to increased risk for disease and mortality as they age \[[@B3-ijerph-17-04554],[@B4-ijerph-17-04554],[@B69-ijerph-17-04554]\]. We found, for instance, that PTSD symptoms from age 38 were associated with structural deficits in brain regions regulating stress responsivity and adaptation at midlife \[[@B70-ijerph-17-04554],[@B71-ijerph-17-04554]\].

Multiple other age 38 modifiable risk factors were associated with midlife HRQOL in the multivariate models, including self-rated health, education, income, and childhood traumas. Although chronic illnesses were infrequent at age 38, having more chronic illness at this early age was associated with poorer midlife physical but not mental HRQOL. Because of the low prevalence of health problems at age 38, we did not anticipate an association between perceptions of health at age 38 and later HRQOL. It appears that an individual's health perceptions have long-term implications, separately from the presence of chronic illnesses. Self-rated health measures may capture trait-like evaluations of health \[[@B2-ijerph-17-04554]\] in part accounted for by genetic influences \[[@B1-ijerph-17-04554],[@B38-ijerph-17-04554]\].

This study of a community-dwelling, non-patient sample of trauma-exposed veterans is unique in the strength and duration of its longitudinal data, as well as in its use of a neuroticism polygenic risk score as a measure of one type of pre-trauma liability. To our knowledge, this is the only longitudinal study to date that incorporates genetic risks into models predicting HRQOL. The longitudinal relationships between PTSS and HRQOL are consistent with those from cross-sectional and short-term findings on subthreshold PTSD \[[@B25-ijerph-17-04554],[@B26-ijerph-17-04554]\]. Mota et al. also found that PTSD symptoms may reemerge or occur with late-onset in older veterans and are likely exacerbated by earlier executive dysfunction, which may restrict flexible coping responses as new stressors appear in late life \[[@B72-ijerph-17-04554]\]. Thus, there may be value in clinicians evaluating symptomatic responses to trauma whether or not responses meet diagnostic criteria \[[@B73-ijerph-17-04554]\]. These long-term influences on later HRQOL suggest multiple possibly modifiable sources of risk and protection from relatively early in adulthood.

Multiple mechanisms have been proposed that link trauma and PTSD symptoms with later life HRQOL. It may be that premorbid characteristics are associated with tendencies to interpret, react to, or cope with stressful stimuli in particular ways \[[@B74-ijerph-17-04554]\]. Some researchers theorize that aberrant threat-related processes may partly underlie heightened and prolonged reactivity to a stressful event \[[@B75-ijerph-17-04554]\]. Stress and stress reactivity, for instance, increase allostatic load, contributing to changes in physiological systems \[[@B76-ijerph-17-04554],[@B77-ijerph-17-04554],[@B78-ijerph-17-04554],[@B79-ijerph-17-04554]\], which then may also affect perceptions of health. Trauma and PTSD symptoms contribute directly and indirectly to stress hormone dysregulation and related outcomes \[[@B80-ijerph-17-04554],[@B81-ijerph-17-04554],[@B82-ijerph-17-04554],[@B83-ijerph-17-04554],[@B84-ijerph-17-04554]\]. Stress mediators such as corticotropin releasing factor are implicated in anxiety and stress disorders and are moderately heritable \[[@B84-ijerph-17-04554],[@B85-ijerph-17-04554],[@B86-ijerph-17-04554],[@B87-ijerph-17-04554]\]. Additionally, there is evidence that stress responses are associated with brain regions that play important roles in how events are perceived, experienced, interpreted, and managed \[[@B70-ijerph-17-04554],[@B88-ijerph-17-04554],[@B89-ijerph-17-04554]\]. Moreover, emerging evidence suggests genetic variation may increase risk for anxiety disorders and affect brain neurocircuitry \[[@B90-ijerph-17-04554]\]. Personality characteristics, which are also genetically mediated, may underlie self-reporting of characteristics such as PTSD symptoms and HRQOL. In these analyses, however, genetic influences did not contribute meaningfully to the HRQOL outcomes.

Being able to examine pre-morbid characteristics (i.e., by using the neuroticism PRS) is important because prior risk is typically difficult to account for in most studies of trauma \[[@B40-ijerph-17-04554]\]. In this study, genetic vulnerability for neuroticism correlated modestly with multiple self-report measures (e.g., PTSS, HRQOL measures), indicating that genetic vulnerability underlies and is common to these subjective indicators. It was not associated with reports of combat exposures, childhood traumas, income or education. Some have suggested personalized medicine should be more attentive to genetic liability for neuroticism \[[@B91-ijerph-17-04554]\] because of the high emotional and financial costs associated with mental and physical health outcomes. The small associations found here, however, suggest other influences likely modulate these associations and there are likely better targets for intervention.

The present study has several limitations. The sample is all men due to the original ascertainment of the sample as twin veterans who both served in the military between 1965 and 1975 when there were few women serving (especially female twin pairs). In addition, the current state of research using the neuroticism PRS limits the sample to those of Caucasian/European heritage. Thus, we cannot generalize across sex or ethnicity. Some studies have found sex differences in HRQOL outcomes \[[@B20-ijerph-17-04554],[@B21-ijerph-17-04554]\]. The sample comprises veterans; as a subgroup, veterans are at higher risk for traumatic exposures. Veteran status, however, is seldom considered in many of our existing studies of aging. Although most measures used as predictors or covariates were assessed when the men were in their 30s, the childhood trauma data were collected at age 62 and thus may be subject to recall bias. Finally, the weaker associations with the specific SF36 subscales is likely due, in part, to lower reliability for those subscales, given that the subscales have fewer items compared with the overall score. In addition, we do not know about neurotoxin exposure during military service which may have effects on both health and HRQOL. Limitations of the study are offset by its strengths which include an assessment of PTSS and covariates relatively early in adulthood, use of GWAS data to create a premorbid risk indicator, and longitudinal measures of HRQOL, all in a community-based, richly characterized, non-patient sample.

5. Conclusions {#sec5-ijerph-17-04554}
==============

Better HRQOL is linked to health, good immune function, happiness, longevity, and lower health care costs in aging adults \[[@B92-ijerph-17-04554],[@B93-ijerph-17-04554]\]. Health care costs have been found to be significantly higher for adults with posttraumatic stress symptom scores on the PCL in the clinically meaningful range (PCL \> 44) or moderate range (PCL 30--44) compared with those with a low number of symptoms \[[@B94-ijerph-17-04554]\]. Thus, our results showing that having more symptoms of posttraumatic stress is associated with poorer mental and physical quality of life over two decades, have meaningful clinical, public health, social, and socioeconomic implications for the care of our growing population of older adults \[[@B72-ijerph-17-04554],[@B94-ijerph-17-04554],[@B95-ijerph-17-04554]\]. Identification of environmental influences is important and could potentially lead to the development of interventions that may then be instrumental in improving health outcomes.
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Descriptive Statistics.

  Measure                               Survey of Health         VETSA 1                  VETSA 2
  ------------------------------------- ------------------------ ------------------------ -------------------------
  Age: mean SD                          37.9 (2.5)               56.0 (2.4)               62.0 (2.4)
  \# Chronic Health Problems: mean SD   0.36 (0.67) range 0--5   1.15 (1.24) range 0--9   1.71 (1.47) range 0--15
  Self-rated health                                                                       
  Excellent                             321 (35.08%)             77 (9.59%)               58 (7.45%)
  Very Good                             397 (43.39%)             287 (35.74%)             279 (35.82%)
  Good                                  168 (18.36%)             328 (40.85%)             314 (40.31%)
  Fair                                  27 (2.95%)               98 (12.20%)              103 (13.22%)
  Poor                                  2 (0.22%)                13 (1.62%)               25 (3.21%)
  SF36 Subscales                                                                          
  Bodily Pain                                                    9.01 (2.27)              8.61 (2.27)
  General Health                                                 18.76 (4.17)             18.21 (4.50)
  Physical Functioning                                           26.51 (3.98)             25.31 (4.72)
  Role Physical                                                  7.24 (1.37)              6.99 (1.51)
  Role Emotional                                                 5.60 (0.88)              5.53 (0.97)
  Mental Health                                                  23.99 (4.32)             24.46 (4.40)
  Vitality                                                       16.14 (3.99)             16.02 (4.12)
  Social Functioning                                             8.83 (1.74)              8.69 (1.86)

The age 38 self-rated health item was significantly associated with age 56 HRQOL (r = −0.36; r = −0.25 *p* \< 0.0001, for Physical and Mental HRQOL respectively), with similar associations at age 62 (r = −0.31; r = −0.25 *p* \< 0.0001, for Physical and Mental HRQOL respectively) indicating moderate stability of quality of life across more than two decades. Physical and Mental HRQOL measures were significantly correlated at ages 56 and 62. Mental HRQOL at age 56 correlated r = 0.66 with Mental HRQOL at age 62; Physical HRQOL at age 56 correlated r = 0.71 (*p* \< 0.0001) with Physical HRQOL at age 62. Cross-correlations between Physical and Mental HRQOL were also high (r = 0.52 to 0.54; *p* \< 0.0001) over time and within time (r = 0.69 at age 56 and r = 0.73 at age 62, *p* \< 0.0001).
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###### 

Age 38 Characteristics and Physical and Mental HRQOL Component Scores at Midlife in Trauma-Exposed Men (Type 3 tests of fixed effects).

  Measure                   Physical Health Component   Mental Health Component                           
  ------------------------- --------------------------- ------------------------- ----------------------- --------------------------------
  Intercept                 −0.65 (0.61)                \[−1.85, 0.55\]           −0.76 (0.63)            \[−2.00, 0.48\]
  PTSS                      **−0.02 (0.01)**            **\[−0.04, −0.01\]**      **−** **0.04 (0.01)**   **\[−** **0.05, −** **0.02\]**
  Time (age 56, age 62)     0.04 (0.09)                 \[−0.13, 0.21\]           0.07 (0.09)             \[−0.12, 0.25\]
  PTSS \* Time              −0.00 (0.00)                \[−0.01, 0.01\]           −0.00 (0.00)            \[−0.01 ,0.01\]
  Neuroticism PRS           −0.11 (0.09)                \[−0.29, 0.07\]           −0.15 (0.10)            \[−0.34, 0.04\]
  Age at SOH                0.02 (0.01)                 \[−0.00, 0.05\]           **0.03 (0.01)**         **\[0.01, 0.06\]**
  Education                 **0.05 (0.01)**             **\[0.02, 0.08\]**        **0.03 (0.01)**         **\[0.00, 0.06\]**
  Combat exposure           −0.01 (0.01)                \[−0.03, 0.02\]           −0.00 (0.01)            \[−0.03, 0.02\]
  Childhood trauma          **−0.06 (0.02)**            **\[−0.10, −0.01\]**      **−** **0.06 (0.02)**   **\[−** **0.10, −** **0.01\]**
  Self-rated health         **−0.21 (0.04)**            **\[−0.29, −0.13\]**      **−** **0.12 (0.04)**   **\[−** **0.19, −** **0.05\]**
  Married once              −0.11 (0.12)                \[−0.34, 0.13\]           0.08 (0.14)             \[−0.18, 0.35\]
  Married \> once           −0.16 (0.13)                \[−0.41, 0.09\]           0.15 (0.14)             \[−0.14, 0.43\]
  Income                    **0.05 (0.02)**             **\[0.02, 0.08\]**        **0.04 (0.01)**         **\[0.02, 0.07\]**
  Current smoker            −0.14 (0.08)                \[−0.30, 0.02\]           −0.09 (0.07)            \[−0.23, 0.05\]
  Former smoker             −0.11 (0.06)                \[−0.24, 0.01\]           −0.12 (0.06)            \[−0.24, 0.01\]
  Alcohol consumption       −0.00 (0.00)                \[−0.01, 0.00\]           −0.00 (0.00)            \[−0.01, 0.00\]
  Chronic health problems   **−0.13 (0.06)**            **\[−0.25, −0.01\]**      −0.07 (0.05)            \[−0.17, 0.04\]
  PTSS \* Neuroticism PRS   0.00 (0.00)                 \[−0.00, 0.01\]           0.00 (0.00)             \[−0.01, 0.01\]
  PC1                       1.18 (0.77)                 \[−0.32, 2.69\]           0.82 (0.66)             \[−0.47, 2.12\]
  PC2                       −0.74 (0.84)                \[−2.38, 0.90\]           −0.40 (0.88)            \[−2.12, 1.32\]
  PC3                       **−2.35 (0.73)**            **\[−3.78, −0.92\]**      **−** **1.49 (0.66)**   **\[−** **2.78, −** **0.20\]**

Abbreviations: CI---Confidence Interval; PTSS---Posttraumatic Stress Symptoms; PRS---Polygenic Risk Score; PC (1--3)---first 3 principal components representing ancestry; SOH---Survey of Health (average age 38); \* PTSS, age, combat exposure, self-rated health, marriage, income, smoking, alcohol consumption and health problems were assessed at Survey of Health. Time is a fixed effect and represents the assessment at age 56 (VETSA 1) and age 62 (VETSA 2) HRQOL assessments. Bolded items are significant at *p* \< 0.05, two tailed.
